Solution process of OTFTs is attracting much attention because of the excellent compatibility to plastic substrate and the low manufacturing cost.
Introduction
Solution process of OTFTs is attracting much attention because of the excellent compatibility to plastic substrate and the low manufacturing cost.
TIPS pentacene is widely studied for the semiconductor of OTFTs [1] . The crystal morphology of TIPS is varied depending on the process method, the solvent used to dissolve TIPS molecules, and the process environment. The various attempts such as the gate surface pretreatment [2] and usage of the mixed solvents [3] were investigated to improve crystallinity of TIPS. However, the crystallization mechanism of TIPS droplet is clearly understood yet.
In this paper we figured out the mechanism of crystal formation in the TIPS droplet. Based on the result we could control the crystal morphology and then improve the performance of OTFTs using TIPS as semiconductor.
Fabrication
We developed a system to visualize the movement of particles in droplet by combining Laser and lenses and CCD camera. The visualization was enhanced by correcting the diffraction at the round surface of droplet. In Fig.1 a picture of fluorescent particles movement in the water droplet is presented. With the system we could figure out how the particles moved in the droplet during drying and how the particles were deposited after drying. We investigated the movement of TIPS pentacene molecules in the droplet by heating the substrate during ink jetting, and found out a temperature able to obtain the good morphology of crystal.
Based on the results OTFTs were fabricated by using PVP as gate dielectric and TIPS as semiconductor and Au for S/D electrodes with the bottom contact structure. TIPS was dissolved in anisole with 2wt% and annealed for 30 sec.
Result and discussion
Due to the convective flow of solvent from the center to edge along the droplet surface the molecules are accumulated at the edge and thus the crystal of molecules is formed at the edge producing the so called "coffee ring" as shown in Fig.2a . If the edge contact line is moved from edge to center during drying, a uniform crystal layer can be obtained as shown in Fig.2b . By heating substrate on which TIPS droplet was ink jetted the contact line was moved. The moving velocity was varied the applied temperature. As the temperature increased, the velocity increased. It was important to control the contact line velocity to obtain a good morphology of crystal. At T=60 o C a uniform crystal was produced. At a high temperature the velocity was large and thus breakage in the film was generated as shown in Fig. 2c . We fabricated OTFTs using TIPS-pentacene solution as semiconductor at the different substrate temperatures such as 26 ℃, 60 ℃ and 90℃. Fig.2 shows the shape of TIPS-pentacene crystallization formed in channel depending on the temperature of substrate heating. Coffee stain remains in room temperature as shown in Fig.2a and constantly large crystallization is formed in the appropriate substrate heating temperature such as 60℃ as shown in Fig.2b . In Fig.2c crystallization is not large and broken at 90℃.
In Fig.3 the electrical characteristics of OTFTs are presented. OTFTs fabricated at T = 60 ℃ exhibited the largest mobility of 0.12 cm 2 /V.sec and the performance was much improved comparing with the others. The performance parameters are summarized in Table 1 . 
Conclusions
We figured out the mechanism of crystal formation of TIPS pentacene solution semiconductor and found out the way to control morphology of crystal by heating substrate during ink jetting and could obtain a uniform crystal layer of TIPS pentacene at T = 60 ℃. OTFTs fabricated at T = 60 ℃ produced the mobility of 0.12 cm
